Abstract. Because of the increasingly serious problems of environmental pollution and non-renewable energy shortage, in recent years, the world has been vigorously developing new energy vehicles, especially electric vehicles. Electric vehicles with solar energy as an auxiliary energy source can reduce the demand for power generation and charging stations for excessive electric vehicles during peak hours. In the present study, a solar electric vehicle was built, in which batteries and solar panel jointly provided power for car operations. In order to ensure that the electricity of solar panel can be safely and continuously supplied to the motor, this paper designed an intelligent charging controller with three work mode to connect the solar panel and batteries. Through reasonable charging strategy, this technology can maximize the use of solar energy, and ensure the safety and service life of the battery. Real vehicle test results show that the solar intelligent charging technology has obvious effect on the expansion of vehicle endurance, and also show that the integration of solar panel into the body design is an effective means to deal with the energy crisis in the future.
Introduction
With regard to the environment, at present, around the world, the cars on the roads, for the most part, are the traditional internal combustion engine vehicles [1] . This kind of automobile through the burning of traditional fuels such as gasoline or diesel oil acquires driving force, but also produces a large amount of harmful exhaust gas to the environment [2] . These gases contain carbon dioxide, hydrocarbons, nitrogen oxides and a large amount of granular dust. Carbon dioxide gas is the main cause of global warming, dust and other particulates are the main causes of haze and other bad weather. These harmful components in the exhaust gas have a direct impact on the environmental and human health of human beings [3] [4] [5] [6] . From the perspective of environmental protection, in order to reduce the emission of automobile exhaust, and thus reduce the pollution to the environment, the development of new vehicles replacing traditional internal combustion engines is the inevitable trend of the future [7] [8] [9] .
In terms of energy, conventional diesel cars are fueled by petroleum products such as gasoline and diesel, which are highly dependent on fossil fuels. Although the world's reserves of fossil fuels are still vast, as the number of cars continues to increase, these non-renewable sources of energy will eventually run out [10] [11] [12] . The world's car ownership is huge, and the amount of oil consumed every day is enormous. The higher the dependence on energy, especially the greater dependence on imported energy, the greater the impact of international energy prices on the country. That's enough to affect a country's energy security and economic security, even national security [13] [14] [15] [16] . Therefore, it is vital to develop new energy vehicles, reduce the use of fossil fuels and reduce dependence on petroleum products [17, 18] .
China's auto industry has been developing rapidly, and the sales volume has continued to achieve a new breakthrough. The sales volume has been the world's largest for five consecutive years. With the rapid development of automobile industry, the shortage of energy demand in China is getting bigger and bigger. According to the state council development research center, estimates that: in 2020, the national car ownership will reach 140 million vehicles, motor vehicle fuel demand of 138 million tons and 256 million tons respectively, 43% and 57% of the total demand for the national oil. China's oil resources are in short supply, and oil imports are growing by two figures a year, and the energy gap will reach 60 percent in the next 10 to 15 years. At the same time, the fuel vehicle emissions of air pollution becomes more and more serious. In large and medium sized cities, more than 80% of carbon monoxide, more than 40% of nitrogen oxides and hydrocarbons pollution, and 20% ~ 30% of lead particles pollutant emissions are all emitted from the exhaust of motor vehicles [19] [20] [21] [22] . Therefore, developing new energy vehicles is a major strategic task to realize the development and modernization of China's automobile industry. At the same time, we will energetically develop new energy vehicles and replace them with electricity, which will not only meet China's national conditions, but also represent the direction of the development of the world's automobile industry.
A light electric car is being built, shown in Figure 1 , with a photovoltaic panel to charge the battery pack with a view to expanding the range of electric vehicles. The three-mode intelligent charging controller proposed in this paper optimizes the energy management of solar electric vehicles and realizes long-term stable operation of battery safety. The electric vehicle is mainly composed of drive control system, battery pack, chassis, electrical system, solar energy auxiliary charging system and so on. In order to distribute the load rationally, the permanent magnet brushless dc motor is placed in the rear, and the rear drive mode is adopted.
Drive control system is the core part of vehicle, which is responsible for receiving and processing instructions from drivers as well as a variety of sensors from the signal, and then according to the processing result to control the speed of the motor car and other moving parts.
The power source of an electric vehicle is a battery pack, which provides energy for an electric motor and a full vehicle electrical device, and periodically charges the battery pack through a special charger when the power consumption approaches the end. The type and capacity of the battery sets directly affect the mileage of the electric vehicle, and the lead-acid battery is used in the electric vehicle, because the lead-acid battery is cheap, safe to use and relatively high in energy storage capacity.
The chassis is an important component in the mechanical parts of the electric car, its main function is to support the vehicle and driver, and to absorb the impact from the ground, at the same time, the motor output power through the transmission mechanism is passed on to the drive wheels, so as to drive the car to go forward, and the driver on the brake pedal to turn the wheels to brake, etc.
The solar assisted charging system consists of a solar panel and a controller. The solar panel is connected with the storage battery through a controller, converting the solar energy into electric energy, and timely supplying the storage battery with energy. Whether the electric car is on the road or parked in the open-air parking lot, as long as the sun shines, you can continuously charge the battery, thereby improving the endurance of the electric vehicle.
The main design parameters of this solar light electric vehicle are as follows. 
The Design Goal of Solar Electric Vehicle
Solar electric vehicle battery is as primary energy, solar energy is as the auxiliary energy, and the motor drives the auto. Whether the vehicle on the road or lying around somewhere, as long as there is sunlight to solar panels, it can charge for the car. This vehicle realizes goals of the energy saving and greatly improves the vehicle's range. The energy used by the car is clean and pollution-free electricity and solar energy, which is in line with the environmental protection concept advocated by the government and the strict targets for energy conservation and emission reduction. At the same time, the structure is optimized without affecting the stability and safety of the car, making it more lightweight and easier to operate. This kind of solar electric car should have the characteristics of low cost, small volume, no pollution, strong operation stability, etc., suitable for a common urban mobility tool. In addition, the vehicle should be of simple structure, and its all parts ought to realize modular. It's very suitable for the teaching unit as teaching tool, and can be used to make the students more intuitive understanding of the composition and basic working principle of the electric car.
Solar Panels and a Three-mode Smart Charging Controller
The intensity of the sun's light varies greatly, which makes the output voltage and output current of solar panels vary greatly. The maximum output voltage can reach up to 20V and the current can reach 5A. If the solar panel is connected directly to the battery, the drastic changes in the charging voltage and current can result in the loss of battery life or even the damage. Therefore, a solar charge controller must be installed between the solar panel and the accumulator to stabilize the charging voltage and charging current, so that the charging voltage of the charger is stable at about 14 V. At the same time, the solar charging controller also plays the role of overcharge protection and current limiting protection, and prevents reverse discharge, so that the battery can work safely and efficiently for a long period of time.
The solar controller collects the output voltage of the battery and solar panel in real time, and then converts the voltage value into digital signal through A/D conversion, and then inputs it to the microcontroller to process. After analyzing and judging the received signal, the MCU outputs the instruction and controls the conduction and cut-off of MOSFET through photoelectric coupling isolation. The charging voltage to the battery is controlled by controlling the turn-on time of the MOSFET. When the voltage of the battery reaches 14.5V, the single chip microcomputer controls the MOSFET tube cut-off, and the solar panel stops charging the battery.
When the battery charged by the solar panels, it must take into account the overcharge and the service life of the battery and other issues, so in the process of using the constant voltage charging method to charge the battery, three modes have been designed, these three modes are respectively overcharge mode and quick charge mode, float charge mode. According to the voltage value of the collected battery, the microcontroller automatically determines which mode the solar panel uses to charge the battery. Specifically, the microcontroller output the corresponding pulse width modulation signal according to the battery voltage value to realize different charging modes.
Through the precise control of the three modes, the solar panel can charge the battery in the optimum state. Its program control flow chart is as follows. Monocrystalline silicon solar panel has the advantages of high conversion efficiency, mature technology and so on. The specifications of solar panels are as follows. 
Analysis of Solar Panel Power Generation
The distribution of solar radiation resources is analyzed, and the design and performance parameters of solar electric vehicle are determined. China is one of the countries with abundant solar energy resources, with more than 2,000 hours of sunshine in over 2/3 of the total area of the country, and the annual radiation volume is above 5000MJ/m 2 . According to statistical analysis, the total amount of solar radiation received annually in China is 3.3 × 103 ~ 8.4 × 103MJ/m 2 , which is equivalent to 2.4 billion tons of standard coal reserves. According to the public data, the annual solar radiation distribution in China is as follows. Fifth region includes Sichuan and Guizhou. According to the sunshine duration, the average daily amount of power generation of solar panel can be calculated, and the average sunshine duration is taken as 3.8 hours, the average daily power generation is as follows. 6 6 3.6 10 3.6 10 0.38 0.95 0.9 13413 13.413 87.2
Under this load, throughout the day the solar electric car will be able to extend its maximum endurance to 
Theoretically，with reasonable design, the combination of solar panels and a three-mode smart charging controller can extend the range of pure electric vehicles to 33.5 percent.
Real Vehicle Performance Test
In summer, according to the weather forecast, the days with little cloud cover and strong sunlight was selected to test the performance of the real vehicle. The test team drove the solar electric vehicle out of the laboratory at noon, and tested the performance of the solar electric vehicle on the barrier terrain, the round stadium, and the campus road. The test results show that the vehicle performance meets or exceeds the design goal under the optimum conditions.
In the test, the maximum climbing rate of solar electric vehicles reached about 20 degrees, the vehicle can cross the average diameter of 10 centimeters of gravel surface, with 35 km/h speed in the horizontal road, the endurance reaches 50 km, the maximum speed of the vehicle reached 38 km/h.
Summary
China has suspended the expansion of traditional gasoline vehicle capacity, aiming to increase the annual sales of new energy vehicles to 2 million vehicles by 2020. In order to meet the increasingly stringent carbon emission and fuel economy requirements in the region, the future of automobiles will increasingly rely on renewable energy sources. This research proposes how to expand the action ability of electric vehicles in the case of large capacity and high density batteries. Since solar photovoltaic is considered to be the main force of the future power supply, this work focuses on how to use the intelligent charging strategy to maximize the use of solar energy. The design team made a real car to verify this method. This car can not only meet the needs of scientific research, but also meet the needs of automotive professional teaching. The combination of solar panel and smart charger not only provides strong endurance extension, but also must protect battery safety and prolong the service life of battery as much as possible. The test results show that the endurance of pure electric vehicles is improved obviously with the help of solar panels and smart charger. In other words, to achieve the same driving distance, the use of solar intelligent charging technology, the battery energy consumption significantly reduced, this technology can greatly reduce the burden of power stations and charging stations.
